Introduction: Several studies have been done on the relationship between right ventricular (RV) dysfunction in pulmonary embolism and electrocardiographic changes in the Electrocardiography (ECG).
PE, levels of troponin T and I have no diagnostic sensitivity and specificity. However, they can be used to evaluate prognosis in suspected PE patients.
In numerous studies on the association of ECG and cardiac biomarkers with right ventricular function in pulmonary embolism, variable results have been obtained, which in some cases showed a significant relationship with undesirable clinical outcomes [4] .
However, the role of ECG in the diagnosing the RV dysfunction in APE is rather unclear. 
Objective of the study

Material and methods
Study Design
In a retrospective and analytical study, patients with At the beginning of the study, clinical manifestations, 12-lead ECG, and hemodynamics were studied [6] . The studied ECG markers were S1Q3T3 pattern, T wave inversion in V1 to V3, tachycardia sinus and right branch block.
T-wave inversion was interpreted by inspecting the pointed and symmetrical inverted T waves from leads V1 to V3. The S1Q3T3 pattern was defined according Changes in the ECG axis were initially evaluated and correlated with echocardiographic findings. Cardiac biomarkers (troponin I and uric acid) were also studied.
In addition, treatment was prescribed and ultimately mortality was evaluated in patients.
Statistical analysis
Statistical analysis was performed using SPSS software version 7.0 (SPSS, Inc., Chicago, Illinois). While, continuous data was displayed under the mean + SD.
dichotomous data was shown with numbers and percentages. Consecutive variables were studied using Student's t-test. In addition, dichotomous variables were compared using Chi-square statistics. Mean values in
Results
In the current study, 83 patients with average age of 51.3±15.8 ranging from 25 to 83 years old were investigated. 64 patients (77.11%) were male and 19 (22.89%) were female. The mean heart rate was 92.7 ± 8.28, with a range of 52 to 130 beats per minute and an incidence of 26.63% tachycardia. The mean concentration of uric acid in patients was 1.9 ± 1.30 mg / dl with a range of 1.0-1.6 mg / dL and the mean arterial pressure was 96.2 ± 2.6 mg / dl with a range of 62 to 130 milligrams M Mercury. The mean arterial blood pressure (PAP) in patients was 15.8 ± 38.7 and 20 to 100, respectively.
ECG findings
Out of 83 participants, only 23 patients (50%) showed normal electrocardiographic findings. However, severe RV dysfunction was seen in 11.11%, moderate RV dysfunction at 13.16%, and mild RV disorder in 19.27% of patients (table 1) . 19.74% of the participants showed a secondary TR pattern, while 6.58%, 22.37%, 51.32% of patients had a severe, moderate, and mild secondary TR pattern, respectively. Regarding the natural rhythm outbreak, 76 patients (59.51%) had sinus rhythm and 7 patients (43.8%) had non sinus rhythm. 9 patients (10.84%) had RAD. The prevalence of ST depression was 6 (7.23%) in this study. The preordial T prevalence was 25 (12.30%) and the prevalence of inf Q was 22 (26.51%). The pattern of S1Q3T3 with the prevalence of 34 patients (40.96%) and inversion of the T wave in the findings of V1 to V3 with a frequency of 1.30%, as well as Inf Q, with the frequency of 26.51% were the highest ECG findings in pulmonary embolism. Qr in v1 was reported in 11 patients (13.25%). Also, incomplete RBBB was observed in 2 patients (41.2%).
Frequency and percentage of RV dysfunction and RAD Axis
RAD
The mean troponin level in 41.86% of patients was more than 0.02 mg / dl and in 58.14% it was less than or equal to 0.02 mg / dL. Five patients (6.02%) underwent fibriolysis and 6 patients (7.23%) underwent surgery. A massive PTE was reported in 11 patients (13.25%) and mortality rate was 6.02% in the present study.
Echo findings
Sinus tachycardia was significantly different from RV dysfunction (p = 0.008). Patients with ST depression pattern in the ECG had higher mean PAP in contrast to those with other patterns (p <0.0001).
Uric acid and age were significantly higher in patients with S1Q3T3 pattern in the ECG than in those with other patterns (p ≤0.05). Patients with Inf Q pattern in ECG had a higher average WBC than those with other ECG patterns (14554.54±11953.23 vs 10670.49±3581.26, p = 0.02). Uric acid and pulmonary arterial pressure (PAP) in patients with Qr pattern in v1 in ECG were significantly higher than those with other ECG patterns (6.83±2.00 vs 5.10±1.79, p = 0.007) (55.45±17.81 vs 35.88±13.79, p <0.0001). Also, in Tpreordial and RAD-qualified individuals, the two above mentioned parameters were high (p <0.0005).
In the current study, the RV dysfunction showed a significant relationship with Qr in v1, and the necessity for surgical treatment (p=0.006, p <0.0001 respectively). Additionally, RV dysfunction showed significant relationship with RAD Axis (p <0.001) (Diagram 1).
However, no significant relationships were seen between RV dysfunction and ST depression, RBBB, and incomplete RBBB (p = 0.009, p = 0.9, p = 0.2 respectively). T precordial and RV dysfunction showed significant relationship (p = 0.029). However, RV dysfunction did not show any correlations with inf Q or S1Q3T3 pattern (p = 0.1, p = 0.09). No substantial associations were appreciated among RV dysfunction and mean heart rate, mean arterial pressure, and troponin level (p >0.05, p >0.05, p = 0.05 respectively).
On the other hand, RV dysfunction did not show significant correlation with level of uric acid (p=0.022) (Diagram 2).
Statistical analyses showed that there was no significant difference in the mean PAP level, the presence of tachycardia, mean MAP level, mean troponin level, and mean level of uric acid between those without and with mortality (p=0.1, p >0.05, p >0.05, p >0.05, p >0.05).
Moreover, there was no significant difference in the mean troponin level, between those without and with mortality (p >0.05) (Diagrams 3).
There was a significant correlation between mortality rate and either ST depression or necessity for surgical treatment (p=0.04, p=0.04 respectively). On the other hand, this correlation was not significant regarding the inf Q, Qr in v1, incomplete RBBB, RBBB, S1Q3T3 pattern, the presence of RAD Axis, the presence of T precordial p=0.5, p=0.8, p=0.2, p=0.06, p=0.4, p=0.1, respectively). Statistical analyses showed that there was a substantial association between Troponin level and Massive PTE (p=0.02).
Discussion
Acute pulmonary embolism is caused by several factors and can lead to right ventricular dysfunction (RV), which is fatal [7, 8, 9] . Among Echo findings in the current study, RAD, ST depression, T precordial, Qr in V1 with RV dysfunction (p<0.001, p = 0.007, p = 0.003, p <0.001, and secondary TR (p = 0.04, p = 0.03, p = 0.01, p = 0.001) showed significant associations. In our study, common disorders were S1 Q3T3 patterns (41%), T precordial (30.1%) and inf Q (26.5%). In a study by Ryu et al., the most common ECG disorders were sinus tachycardia (39%), inverted T waves in V1-4 (39%) and S1Q3T3 (27%). Also, an average heart rate of ± 96 ± 20 / minute was reported. Complete RBBB was not obtained in any of the patients.
Incomplete RBBB was reported in 10% and AF in 4% of patients [13] . Similarly, the mean heart rate in our patients was 92.7 ± 16.8, with a range of 52-130 beats per minute, with an outbreak of the of 26.33% tachycardia.
Increased arterial pressure in the lung due to obstruction of the embolus increases pressure on the right wall of the ventricle and leads to contraction and loss of the right ventricle. Afterwards, the right ventricle is dilated on the intervertebral septum or the coronary artery pushes to create right ventricular ischemia. This leads to the emergence of sinus tachycardia, atrial fibrillation (AF), creating a new wave in Line I and a new wave in Line III, with negative T wave in line III, the QRS axis deviation to the right and the inverted precordial T waves, which all of them can be attributed to structural changes in the right ventricle due to high arterial pressure [14, 15, 16] .
The severity of such changes depends on the size of the embolus [15] . These changes may be due to
